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Summary
Objectives:  The  aim  of  this  study  was  to  stimulate  the  recurrent  laryngeal  nerve  during  thy-
roidectomy  or  parathyroidectomy  and  to  record  the  muscle  responses  in  an  attempt  to  predict
postoperative  vocal  fold  mobility.
Patients  and  methods:  Intraoperative  recurrent  laryngeal  nerve  monitoring  during  general
anaesthesia  was  performed  by  using  an  electrode-bearing  endotracheal  tube  (nerve  integrity
monitor EMG  endotracheal  tube  [Medtronic  Xomed,  Jacksonville,  Flo,  USA]).  Two  hundred  and
ﬁfteen recurrent  laryngeal  nerves  from  141  patients  undergoing  total  thyroidectomy  (n  =  74),
hemithyroidectomy  (n  =  63),  or  parathyroidectomy  (n  =  4)  were  prospectively  monitored.  In  each
case, the  muscle  potential  was  recorded  after  stimulation  of  the  recurrent  laryngeal  nerve  by
a monopolar  probe.
Results:  The  nerve  stimulation  threshold  before  and  after  dissection  that  induced  a  muscle
response  of  at  least  100  V  ranged  from  0.1  to  0.85  mA  (mean  0.4  mA).  The  supramaximal
stimulation  intensity  was  deﬁned  as  1  mA.  The  amplitude  of  muscle  response  varied  considerably
from one  patient  to  another,  but  the  similarity  of  the  muscle  response  at  supramaximal  intensityction  and  between  postdissection  at  the  proximal  and  distal  exposedbetween pre-  and  postdisse
portions of  the  nerve  was  correlated  with  normal  postoperative  vocal  fold  function.  Inversely,
alteration  of  the  muscle  response  indicated  a  considerable  risk  of  recurrent  laryngeal  nerve
palsy, but  was  not  predictive  of  whether  or  not  this  lesion  would  be  permanent.
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Conclusions:  Recurrent  laryngeal  nerve  monitoring  with  a  system  using  surface  electrodes  is  a
simple, non-invasive  technique  that  is  just  as  sensitive  as  monitoring  by  intramuscular  elec-
trodes. Monitoring  is  helpful  for  initial  nerve  identiﬁcation  and  is  useful  to  determine  nerve
function during  and  after  surgery,  and  to  adapt  the  surgical  strategy  accordingly.
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prising  an  electrical  generator  allowing  direct  stimulation
of  the  recurrent  laryngeal  nerve  and/or  vagus  nerve  by
means  of  a  0.5  mm  Prass  monopolar  stimulation  electrode
(Medtronic  Xomed,  Jacksonville,  Flo,  USA).  The  vocal  fold
recording  electrodes  were  connected  to  channels  1  and  2  of
the  system,  the  earth  electrode  (green)  and  anode  (white)
Table  1  Histopathological  diagnosis.
Diagnosis  n
Papillary  carcinoma  18
Benign nodule  49
Multinodular  goitre  42
Graves’ disease  16
Parathyroid  adenoma  4
Toxic nodule  10
Thyroiditis 2© 2011  Elsevier  Masson  SAS
ntroduction
ecurrent  laryngeal  nerve  palsy  is  a  serious  complica-
ion  of  thyroid  and  parathyroid  surgery  with  a  published
requency  ranging  from  0.4  to  3.9%  for  transient  nerve
alsy,  and  up  to  3.6%  for  permanent  nerve  palsy
1—4].
The  consequences  of  recurrent  laryngeal  nerve  palsy
ange  from  impaired  quality  of  the  voice  in  the  case
f  a  unilateral  lesion  to  a  risk  of  acute  respiratory
istress  in  the  case  of  bilateral  lesions,  that  may  pos-
ibly  require  tracheotomy,  arytenoidectomy  or  posterior
ordectomy,  with  a  risk  of  life-threatening  respiratory
omplications.
Recurrent  laryngeal  nerve  section,  always  responsible
or  permanent  nerve  palsy,  is  a  very  rare  event  (0.4%
f  operations)  [5].  The  other  mechanisms  of  nerve  dam-
ge  include  partial  section,  stretching,  ligation,  electrical
nd/or  thermal  trauma,  ischaemia,  but  also  oedema,  inﬂam-
ation  and  minor  nerve  trauma  caused  by  manipulation
f  the  operative  specimen.  The  nerve  usually  appears
acroscopically  intact,  but  remains  non-functional  at  the
nd  of  the  operation  (3.3  to  5.3%  of  operations)  with
 95%  chance  of  recovery.  Traction  of  the  anterior  limb
f  a  rapidly  dividing  recurrent  laryngeal  nerve  (30%  of
ases)  1  to  2  cm  proximal  to  its  entry  into  the  lar-
nx  is  the  most  frequent  mechanism  of  laryngeal  nerve
njury  (28%  of  cases  of  palsy)  according  to  Snyder  et  al.
5].
Identiﬁed  risk  factors  are  cancer,  particularly  cancer
ustifying  an  extensive  surgical  procedure  with  lymph
ode  dissection  along  the  recurrent  laryngeal  nerve,
ery  large  inﬂammatory  goitre,  late  redo  surgery,  re-
perations  for  bleeding  complications,  history  of  neck
rradiation,  anatomical  variants  of  the  nerve  (non-recurrent
ight  inferior  laryngeal  nerve),  absence  of  identiﬁca-
ion  of  this  variant  [6]  and  limited  operator  experience
7].
Since  the  work  by  Lahey,  there  is  now  a  general  consen-
us  that  the  best  way  of  protecting  the  recurrent  laryngeal
erve  is  to  visually  identify  this  nerve  [1,7]. It  would
herefore  be  reasonable  to  suppose  that  any  technique
hat  facilitates  or  conﬁrms  identiﬁcation  of  the  nerve
hould  decrease  the  incidence  of  recurrent  laryngeal  nerve
njury.
Various  methods  of  recurrent  laryngeal  nerve  monitoring
an  be  used;  in  every  case,  the  nerve  is  stimulated  directly
r  via  the  vagus  nerve  and  the  resulting  muscle  response  is
ecorded.
We  report  the  electrophysiological  results  of  a  prospec-
ive  study  of  noninvasive  monitoring  of  215  recurrent
aryngeal  nerves,  in  which  recording  electrodes  were  ﬁxed
irectly  onto  the  endotracheal  tube  and  positioned  in
ontact  with  the  vocal  folds.rights  reserved.
atients and methods
atients
rom  January  2008  to  December  2009,  141  patients  (121
omen  and  20  men,  with  a  mean  age  of  47  years;  range:  18
o  85  years)  underwent  thyroidectomy  (total  thyroidectomy
n  74  cases,  lobectomy  in  63  cases)  and  parathyroidectomy
or  adenoma  (four  cases)  with  continuous  recurrent  laryn-
eal  nerve  monitoring.
Thyroid  disease  mostly  consisted  of  single  benign  nodules
35%)  and  multinodular  goitre  (29%),  but  also  cases  of  pap-
llary  carcinoma  (13%),  toxic  nodules  (7%),  Graves’  diseases
11%)  and  two  cases  of  thyroiditis  (Table  1).
onitoring
he  NIM-RESPONSE  monitoring  system  was  used  (Medtronic
omed,  Jacksonville,  Flo,  USA).
The  electromyography  intubation  tube  was  a  PVC  endo-
racheal  tube  with  a  low-pressure  cuff,  equipped  with
wo  pairs  of  3  cm  long  recording  electrodes,  positioned  in
ontact  with  the  vocal  folds  (Fig.  1).  Two  types  of  probes
Medtronic  Xomed,  Jacksonville,  Flo,  USA)  were  used:  EMG
lex  (each  channel  records  the  left  and  right  recurrent  laryn-
eal  nerves)  and  Reinforced  EMG  (each  channel  records  the
omolateral  recurrent  laryngeal  nerve).  The  endotracheal
ube  was  placed  under  general  anaesthesia  to  ensure  that
he  electrodes  were  in  contact  with  the  vocal  folds.  Cor-
ect  positioning  of  the  electrodes  was  conﬁrmed  visually  and
lectrically  after  placing  a  block  under  the  shoulders.
Recording  electrodes  were  connected  to  a  monitor
integrity  monitoring  system)  that  continuously  recorded
he  activity  of  the  intrinsic  muscles  of  the  larynx,  com-n: number of patients; total: 141, 121 women, 20 men.
Thryoidectomy  and  laryngeal  nerve  monitoring  
Figure  1  Endotracheal  tube  equipped  with  two  pairs  of  elec-
trodes  (reinforced  EMG  probe,  Medtronic  Xomed,  Jacksonville,
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aFlo, USA)  with  a  diagram  illustrating  the  contact  points  between
the electrodes  and  the  vocal  folds.
were  placed  in  the  shoulder  muscles  (deltoid)  on  each  side,
respectively,  and  the  stimulation  electrode  was  connected
to  the  cathode.  Electrode  impedance  was  systematically
veriﬁed  after  intubation,  and  during  and  at  the  end  of  the
operation  if  necessary.  The  impedance  of  each  electrode
had  to  be  less  than  5  kOhm  and  the  impedance  difference
between  positive  and  negative  electrodes  of  each  channel
ideally  had  to  be  as  close  as  possible  to  zero  and  always  less
than  or  equal  to  1  kOhm.
The  electrical  stimulator  delivered  a  variable  intensity
current,  ranging,  in  our  study,  from  0.1  to  2.5  mA;  the  stimu-
lus  lasted  100  s  at  a  frequency  of  four  stimuli  per  second.  A
limit  of  detection  of  100  V  was  chosen  to  avoid  interference
of  basal  muscle  tone  and  breathing  with  the  responses.
General  anaesthesia  and  surgery
Muscle  relaxants  were  contraindicated  during  anaesthe-
sia,  apart  from  very  short-acting  muscle  relaxants  that
were  able  to  be  used  during  anaesthetic  induction,  to
avoid  interference  with  electromyography  during  the  sur-
gical  procedure.  Thyroidectomy  or  parathyroidectomy  was
performed  according  to  classical  techniques  with  systematic
visual  identiﬁcation  of  the  recurrent  laryngeal  nerve  [8].
Electrophysiological  parameters  recorded
After  identifying  the  recurrent  laryngeal  nerve,  the  nerve
was  stimulated  and  the  amplitude  of  the  muscle  response
was  recorded.  The  supramaximal  stimulation  value  was
determined  by  electrical  stimulations  of  0.5,  1.0,  1.5,  2.0
and  2.5  mA  on  32  recurrent  laryngeal  nerves  (19  patients).  In
T
0
f
071
he  other  patients,  the  recurrent  laryngeal  nerve  was  stimu-
ated  at  the  supramaximal  value  of  1  mA,  and  the  stimulation
hreshold  was  then  investigated  by  gradually  decreasing  the
ntensity  of  stimulation.  The  muscle  amplitude  recorded
orresponded  to  the  highest  response  to  the  four  stimuli.
These  supramaximal  and  threshold  stimuli  were  repeated
t  the  end  of  the  operation  at  the  distal  and  proximal
xtremities  of  the  exposed  nerve  and  the  muscle  responses
ere  recorded.
linical  data
reoperative  direct  or  indirect  laryngoscopy  was  systemati-
ally  performed  in  each  patient  to  assess  vocal  fold  mobility.
ll  patients  had  normal  preoperative  vocal  fold  mobility.
Postoperative  vocal  fold  mobility  was  analysed  1  week
fter  the  operation  and  then  2,  4,  or  even  6  months  postop-
ratively  in  the  presence  of  an  abnormality.
tatistical  analysis
he  results  are  expressed  as  the  mean  ±  standard  error  of
he  mean  (s.e.m.).  One-way  analysis  of  variance  (Anova)  was
sed  to  compare  the  various  groups.  A  P  value  of  less  than
.05  was  considered  to  be  signiﬁcant.
esults
etermination  of  the  supramaximal  stimulation
ntensity
hirty-two  recurrent  laryngeal  nerves  (19  patients)  were
timulated  at  various  intensities  (0.5,  1.0,  1.5,  2.0  and
.5  mA);  none  of  these  patients  presented  any  signs  of
ecurrent  laryngeal  nerve  palsy.  The  muscle  response
resented  a stable  amplitude  (Anova,  not  signiﬁcant)
n  both  the  predissection  recordings  (873  V  ±  103.4  at
.5  mA,  1030  V  ±  115.2  at  1.0  mA,  1025  V ±  112.5  at
.5  mA,  1045  V ±  119.5  at  2.0  mA  and  978  V  ±  107.0  at
.5  mA)  and  the  postdissection  recordings  at  the  proxi-
al  extremity  (838  V  ±  105.2  at  0.5  mA,  894  V  ±  98.3  at
.0  mA,  906  V  ±  100.9  at  1.5  mA,  920  V  ±  99.5  at  2.0  mA
nd  942  V  ±  102.6  at  2.5  mA)  and  at  the  distal  extrem-
ty  (876  V  ±  103.7  at  0.5  mA,  914  V  ±  109.4  at  1.0  mA,
59  V ±  104.7  at  1.5  mA,  971  V  ±  107.1  at  2.0  mA  and
78  V ±  107.0  at  2.5  mA)  (Fig.  2).  The  1.0  mA  value  was
herefore  adopted  as  supramaximal  stimulation  intensity.
timulation  thresholds
n  patients  without  postoperative  recurrent  laryngeal  nerve
alsy,  the  mean  stimulation  threshold  was  similar  before  dis-
ection  and  at  the  end  of  the  surgical  procedure  at  the  distal
nd  proximal  extremities  of  the  exposed  nerve  (Table  2).
he  predissection  stimulation  threshold  ranged  from  0.15  to
.85  mA  and  the  postdissection  stimulation  threshold  ranged
rom  0.15  to  0.80  mA  at  the  proximal  extremity  and  0.10  to
.80  mA  at  the  distal  extremity.
72  N.  Julien  et  al.
Table  2  Stimulation  thresholds.
Predissection  Proximal  postdissection  Distal  postdissection
Mean  ±  s.e.m  0.36  ±  0.01  0.38  ±  0.009  0.36  ±  0.009
(n) (163)  (198)  (194)
Median 0.30  0.40  0.35
[min—max] 0.15—0.85  0.15—0.80  [0.10—0.80]
Stimulation thresholds (mA) on identiﬁcation of the nerve (predissection) and postdissection at the proximal and distal extremities of
the nerve in patients with normal immediate postoperative laryngeal mobility. s.e.m.: standard error of the mean; min—max: minimum
and maximum values; n: number of nerves recorded.
Table  3  Muscle  responses.
Predissection Proximal  postdissection  Distal  postdissection
Mean  ±  s.e.m 555  ±  41.9 509  ±  31.5 521  ±  31.5
(n) (154)  (191)  (186)
Median 366  348  388.5
[min—max] [100—2962]  [100—2087]  [100—2102]
Mean ±  s.e.m  910  ±  48.9  808  ±  43.9  821  ±  44.2
(n) (189)  (193)  (190)
Median 774  649  668.5
[min—max] [100—3224]  [100—2796]  [100—2906]
Predissection and distal and proximal postdissection muscle responses (V) at the threshold and at maximum stimulation in patients with
normal immediate postoperative laryngeal mobility. s.e.m.: standard error of the mean; min—max: minimum and maximum values; n:
number of nerves recorded.
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uscle  responses  to  predissection  stimulation  and  postdis-
ection  stimulation  at  the  proximal  and  distal  extremities
anged  from  100  to  2962  V,  100  to  2087  V  and  100  to
102  V  at  the  threshold  stimulation,  and  from  100  to
224  V,  100  to  2796  V  and  100  to  2906  V  at  supramaximal
timulation  (Table  3).
ases  of  recurrent  laryngeal  nerve  palsy
ix  patients  (4.3%),  all  operated  by  total  thyroidectomy,  pre-
ented  postoperative  unilateral  impaired  vocal  fold  mobility,
hich  was  permanent  in  one  case  (0.7%)  and  transient  in  ﬁve
ases  (3.5%),  resolving  in  less  than  4  months.
The  patient  with  permanent  recurrent  laryngeal  nerve
alsy  suffered  from  Graves’  disease  in  which  the  marked
ypertrophy  of  the  gland  caused  deep  displacement  of
he  recurrent  laryngeal  nerves.  No  muscle  response  was
bserved  on  the  paralysed  side  after  postdissection  stimula-
ion  of  the  proximal  and  distal  extremities  at  less  than  1  mA
nd  a  low  amplitude  muscle  response  was  observed  after
upramaximal  stimulation.  Postoperative  vocal  fold  mobility
as  normal  on  the  contralateral  side,  as  stimulation  thresh-
lds  were  less  than  the  mean  value  indicated  in  Table  2  and
uscle  responses  to  supramaximal  stimulation  were  greater
han  the  mean  reported  in  Table  3.
In  the  ﬁve  cases  of  transient  recurrent  laryngeal  nerve
alsy  (four  cases  of  multinodular  goitre  and  one  case  of
i
e
c
Thyroiditis),  the  recurrent  laryngeal  nerves  appeared  to  be
isually  intact.
In the  ﬁrst  patient  with  thyroiditis,  the  distal  stimulation
hreshold  was  not  modiﬁed,  while  the  stimulation  thresh-
ld  at  the  proximal  extremity  was  undetectable.  No  muscle
esponse  was  observed  at  supramaximal  stimulation  at  1  mA
t  the  proximal  extremity  of  the  exposed  nerve  and  the
istal  response  was  similar  to  that  measured  on  the  con-
ralateral  side.  This  patient  recovered  normal  vocal  fold
obility  in  less  than  2  months.
In  the  second  patient  (multinodular  goitre),  the  distal
timulation  threshold  was  not  modiﬁed,  while  the  stimula-
ion  threshold  at  the  proximal  extremity  was  increased.  The
uscle  response  to  supramaximal  stimulation  at  1  mA  was
ecreased  at  the  proximal  extremity  of  the  exposed  nerve
nd  the  distal  response  was  similar  to  that  measured  on  the
ontralateral  side.  This  patient  recovered  normal  laryngeal
unction  in  less  than  2  months.
In  the  third  patient,  the  recurrent  laryngeal  nerve  was
istended  by  a  very  large  lower  pole  nodule  measuring
 cm  in  diameter.  Immediately  following  identiﬁcation  of  the
erve,  it  responded  positively  to  stimulation  and  the  sig-
al  then  suddenly  disappeared  during  dissection.  Functional
ecovery  was  observed  in  this  patient  in  less  than  2  weeks.
In  the  fourth  patient,  haemostasis  performed  by  bipolar
lectrocoagulation  close  to  the  nerve  following  lobectomy
nduced  loss  of  the  electrical  response  at  the  proximal
xtremity  of  the  exposed  nerve  with  persistence  of  a  mus-
le  response  and  a  normal  threshold  at  the  distal  extremity.
his  patient  recovered  in  less  than  2  months.
Thryoidectomy  and  laryngeal  nerve  monitoring  
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Figure  2  Amplitude  of  the  muscle  response  (V)  to  stimula-
tion of  the  recurrent  laryngeal  nerve  at  intensities  of  0.5,  1,  1.5,
2 and  2.5  mA  prior  to  dissection  immediately  after  identiﬁcation
of the  nerve  (A),  postdissection  at  the  proximal  extremity  (B)
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but  it  does  not  necessarily  guarantee  contraction  of  the
cricoarytenoid  muscle.  Another  explanation  proposed  byand postdissection  at  the  distal  extremity  (C).
The  ﬁfth  and  last  patient  presented  a  very  large  goitre,
larger  than  180  cm3.  The  left  recurrent  laryngeal  nerve,
although  clearly  visualized,  did  not  respond  to  any  stim-
ulation,  while  the  right  recurrent  laryngeal  nerve  gave  a
positive  response  with  simply  an  elevation  of  stimulation
thresholds.  This  patient  recovered  vocal  fold  mobility  in  less
than  4  months.
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ype  of  monitoring,  thresholds,  supramaximal
ntensity
mong  the  various  methods  of  recurrent  laryngeal  nerve
onitoring  reported  in  the  literature,  the  use  of  surface
lectrodes  ﬁxed  directly  to  the  endotracheal  tube  can
e  considered  to  be  similar  to  that  based  on  the  use  of
onopolar  electrodes  placed  endoscopically  in  the  laryn-
eal  muscles  [9],  bipolar  electrodes  placed  during  surgery
hrough  the  cricothyroid  membrane  [10]  or  surface  elec-
rodes  placed  in  contact  with  post-cricoid  muscles  [11,12].
lthough  the  muscle  potentials  recorded  with  surface  elec-
rodes  have  a  lower  amplitude  [10], similar  stimulation
hresholds  (mean  of  0.4  mA  in  our  study)  are  obtained
egardless  of  the  method  used  [2,11—13].  Systems  equipped
ith  surface  electrodes  directly  ﬁxed  to  the  endotracheal
ube  appear  to  be  easier  to  use  than  intramuscular  elec-
rodes  that  are  more  complicated  to  insert  and  that  can
igrate  during  the  operation,  and  which  may  not  be  cor-
ectly  implanted  in  the  right  place  [14]  or  may  even  break.
he  advantages  of  NIM  RESPONSE  are  its  ease  of  use  and  its
oninvasive  nature  [14]. Correct  positioning  of  the  endotra-
heal  tube  did  not  raise  any  problems  (provided  a  correct
mpedance  value  and  good  contact  between  vocal  folds  and
ecording  electrodes  are  ensured,  with  the  block  in  posi-
ion)  and  no  displacement  of  the  tube  was  observed  during
he  surgical  operation.  A  continuous  visual  alarm,  repre-
ented  by  an  action  potential  on  the  monitor  screen,  and
n  audio  alarm  do  not  directly  prevent  mechanical  injuries
o  the  nerve,  but  allow  detection  of  such  injuries.
The  present  study  clearly  shows  that  the  supramaximal
timulation  value  of  1  mA  recruited  all  recurrent  laryn-
eal  nerve  ﬁbres  and  that  more  intense  stimulation  is  not
equired.  The  variability  of  the  stimulation  threshold  and
specially  the  amplitude  of  the  muscle  response  can  be
artly  explained  by  differences  of  exposure  of  the  nerve
o  the  stimulation  electrode  from  one  case  to  another,
s  a  nerve  covered  by  a  small  amount  of  connective  tis-
ue  requires  more  intense  stimulation  and/or  induces  a
ower  amplitude  response  than  a  more  extensively  exposed
erve  [2].  Supramaximal  stimulation  also  activates  a greater
umber  of  nerve  ﬁbres  than  threshold  stimulation  and  there-
ore  generates  a  more  intense  muscle  response.  Finally,  as
mphasised  by  Hermann  et  al.  [14], marked  inter-individual
ariations  are  observed.
alue  of  the  parameters  recorded
oss  or  modiﬁcation  of  the  electrical  signal  during  the
peration  is  difﬁcult  to  interpret.  All  cases  of  transient  or
ermanent  recurrent  laryngeal  nerve  palsy  observed  in  this
eries  presented  discordant  muscle  responses  that  did  not
llow  prediction  of  the  prognosis  either  during  the  opera-
ion  or  immediately  postoperatively.  Persistence  of  an  action
otential  indicates  that  at  least  part  of  the  nerve  is  intact,homusch  et  al.  [15]  is  that  the  intensity  of  stimulation
elivered  to  the  nerve  is  sufﬁciently  high  to  ‘‘jump’’  the
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ap  at  the  site  of  nerve  injury.  We  can  therefore  conclude
hat  patients  in  whom  no  major  alteration  of  the  signal  is
bserved  have  a  reasonably  good  chance  of  not  experienc-
ng  recurrent  laryngeal  nerve  palsy,  while  loss  or  alteration
f  the  signal  is  associated  with  a  substantial  risk  of  nerve
alsy  but  is  not  predictive  of  whether  this  palsy  will  be
ransient  or  permanent,  as  alteration  of  this  signal  can  cor-
espond  to  a  transient  (conduction  block)  or  more  lasting
esion,  depending  on  the  mechanism  of  the  injury.
The  absence  of  muscle  response  to  nerve  stimulation
oes  not  exclude  the  possibility  that  the  tissue  stimulated
ctually  corresponds  to  the  nerve.  The  surgeon  must  there-
ore  be  aware  of  falsely  reassuring  false-negative  responses
16],  which  can  correspond  to:
a  disconnected  electrode;
displacement  of  the  endotracheal  tube  during  placement
of  the  block  under  the  shoulders  and  surgical  drapes  or
during  the  operation  (rotation,  raising  or  lowering)  or  use
of  an  insufﬁciently  large  endotracheal  tube  [17];
defective  stimulator;
stimulation  not  in  contact  with  the  nerve  or  at  an  insufﬁ-
cient  stimulation  intensity  when  the  nerve  is  covered  by
fat  or  connective  tissue;
a  curarized  patient;
transient  palsy  (conduction  block).
False-positives  can  be  observed  when  stimulation  is  deliv-
red  distal  to  the  nerve  injury,  when  a  nonspeciﬁc  electrical
ignal  is  confused  with  an  action  potential,  in  the  presence
f  an  isolated  lesion  of  the  posterior  branch  of  the  nerve
innervation  of  the  posterior  cricoarytenoid  muscle,  abduc-
or  of  the  larynx),  when  electrical  stimulation  is  too  intense
ith  diffusion  of  the  electrical  current  to  the  nerve  or  in  the
ase  of  transtracheal  stimulation.  Operators  must  therefore
e  familiar  with  the  causes  of  artefacts  and  surgical  manoeu-
res  responsible  for  nerve  stimulation  in  order  to  correctly
nterpret  these  events.  Globally,  the  electrophysiological
ata  recorded  do  not  provide  any  absolute  data  concerning
he  functional  prognosis  of  the  recurrent  laryngeal  nerve.
According  to  Hermann  et  al.  [14], recurrent  laryngeal
erve  monitoring  has  a  low  sensitivity  (number  of  cases
ith  recurrent  laryngeal  nerve  palsy  without  an  electrical
esponse  over  the  number  of  cases  with  recurrent  laryngeal
erve  palsy),  i.e.  ability  to  detect  paresis  and/or  paral-
sis  associated  with  an  abnormal  response.  Inversely,  the
igh  speciﬁcity  (number  of  cases  without  recurrent  laryn-
eal  nerve  palsy  with  an  electrical  response  over  the  number
f  cases  without  recurrent  laryngeal  nerve  palsy)  observed
n  our  study  was  similar  to  that  reported  in  the  litera-
ure  [13,19].  Most  authors  [7,18—21]  express  their  results
n  terms  of  positive  predictive  value  (number  of  cases  with
oss  of  electrical  response  and  nerve  palsy  over  the  num-
er  of  cases  with  loss  of  electrical  response)  and  this  value
ends  to  be  fairly  low  and  variable  (10  to  90%),  while  the
egative  predictive  value  (number  of  cases  with  preserved
lectrical  response  and  normal  vocal  fold  mobility  over  the
umber  of  cases  with  preserved  electrical  response)  tends
o  be  high  (92  to  100%),  in  line  with  our  results  (PPV  =  16.7%,
PV  =  100%).  In  view  of  the  marked  variability  of  responses,
he  similarity  of  stimulation  thresholds  and  muscle  responses
o  pre-  and  postdissection  supramaximal  stimulation  and
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specially  the  similarity  of  postdissection  responses  at  the
roximal  and  distal  extremities  appear  to  be  more  reliable
han  absolute  values  to  predict  normal  postoperative  vocal
old  mobility.
Several  authors  have  reported  recurrent  laryngeal  nerve
dentiﬁcation  rates  of  98  to  100%  with  the  use  of  nerve
onitoring.  The  system  used  in  the  present  study  clearly
acilitated  identiﬁcation  and  dissection  of  the  nerve  up  to
ts  site  of  entry  into  the  cricothyroid  membrane.  As  the  best
ay  of  sparing  the  recurrent  laryngeal  nerve  is  to  visualize
he  nerve  and  as  intraoperative  monitoring  constitutes  an
id  to  identiﬁcation  of  the  nerve,  intraoperative  recurrent
aryngeal  nerve  monitoring  can  be  considered  to  decrease
he  risk  of  nerve  palsy.  However,  in  view  of  the  low  incidence
f  recurrent  laryngeal  nerve  palsy,  a  randomized  study  (mon-
toring  versus  no  monitoring)  conducted  by  a  single  operator
ith  matching  for  the  various  types  of  thyroid  disease,  and
n  extremely  large  cohort  would  therefore  be  necessary  to
emonstrate  a  statistically  signiﬁcant  beneﬁt  of  the  use  of
ntraoperative  monitoring.
While  many  studies  [7,20—23]  tend  to  show  that  recur-
ent  laryngeal  nerve  palsy  occurs  less  frequently  with
onitoring,  but  without  demonstrating  a  statistically  sig-
iﬁcant  difference  [24], a  multicentre  prospective  study  of
832  cases  of  benign  thyroid  goitre  operated  with  and  with-
ut  monitoring,  reported  by  Thomusch  et  al.  [15], showed
hat  systematic  use  of  intraoperative  monitoring  decreased
he  incidence  of  transient  and  permanent  impaired  vocal
old  mobility.  Similarly,  Barczynski  et  al.  [21]  demonstrated
 signiﬁcant  difference  for  transient  but  not  permanent
ecurrent  laryngeal  nerve  palsy  with  the  use  of  monitor-
ng  versus  exclusively  visual  identiﬁcation,  regardless  of  the
ype  of  thyroid  disease.
ndications  and  limits  of  monitoring
he  indications  for  intraoperative  recurrent  laryngeal  nerve
onitoring  could  be  considered  to  be  reserved  to  cases  in
hich  identiﬁcation  of  the  nerve  is  difﬁcult:  redo  surgery,
urgery  after  radiotherapy,  radical  surgery  with  recurrent
aryngeal  and  cervical  lymph  node  dissection  for  malig-
ant  disease,  very  large  inﬂammatory  goitres,  etc.  However,
here  are  a  number  of  arguments  in  support  of  systematic
se  of  monitoring:  the  reliability  of  the  system  is  based  on
egular  use  and  therefore  an  essential  learning  curve  [17],
he  difﬁculty  of  nerve  identiﬁcation  and  anatomical  variants
re  often  unpredictable,  it  facilitates  and  conﬁrms  identi-
cation  of  the  recurrent  laryngeal  nerve  and  assesses  its
unctional  integrity.  On  the  other  hand,  the  investment  cost
f  the  monitor,  endotracheal  tube  and  the  speciﬁc  stim-
lation  electrode,  and  the  possibility  of  false-negative  or
alse-positive  responses  can  represent  an  obstacle  to  the
se  of  this  system.
Two  situations  may  be  encountered  in  the  zone  of  detec-
ion  of  the  recurrent  laryngeal  nerve:  either  the  nerve
s  rapidly  visualized  and  stimulation  conﬁrms  this  identi-
cation,  or  the  nerve  is  not  immediately  visualized  and
ny  structure  that  could  possibly  correspond  to  the  nerve
ust  be  stimulated  to  conﬁrm  identiﬁcation  before  being
reserved  or  sectioned.  The  use  of  intraoperative  recur-
ent  laryngeal  nerve  monitoring  does  not  replace  the  usual
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surgical  dissection  procedures  designed  to  identify  the
nerve.  Formal  identiﬁcation  of  the  nerve  is  based  on  both
visual  identiﬁcation  and  the  electrical  response  and  both  of
these  ﬁndings  must  be  concordant  [25].
Consequently,  an  anatomical  structure  that  does  not
respond  to  stimulation,  but  which  resembles  or  could  possi-
bly  correspond  to  the  nerve  must  not  be  sectioned;  inversely,
a  structure  that  does  not  resemble  the  appearance  and/or
course  of  the  nerve,  but  which  repeatedly  responds  to  stim-
ulation  must  also  not  be  sacriﬁced.  In  the  particular  case  of
redo  surgery  in  the  zone  of  the  recurrent  laryngeal  nerve,
usually  in  a  context  of  cancer,  in  which  the  recurrent  laryn-
geal  nerve  is  not  always  easy  to  identify,  it  is  always  useful
to  conﬁrm  normal  functioning  of  the  nerve  by  directly  stim-
ulating  the  vagus  nerve  which  is  easily  and  rapidly  identiﬁed
during  neck  surgery  with  little  risk  of  iatrogenic  injury.  More
generally,  vagus  nerve  stimulation  validates  correct  func-
tioning  of  the  monitoring  system  at  the  beginning  of  the
operation  and  provides  the  most  accurate  prognosis  possi-
ble  of  glottal  function  at  the  end  of  the  operation,  with  no
risk  of  false-positive  results.
When  a  nerve  injury  is  suspected  during  the  operation,
the  cause  of  the  injury  can  be  determined  in  order  to  modify
the  surgical  procedure  on  the  contralateral  side.  However,
a  more  cautious  approach  in  this  setting  would  consist  of
deferring  the  contralateral  procedure  until  the  real  vocal
fold  mobility  can  be  determined  on  the  operated  side,  to
avoid  any  risk  of  bilateral  recurrent  laryngeal  nerve  palsy.
There  is  no  medicolegal  requirement  to  use  recurrent
laryngeal  nerve  monitoring  during  thyroid  surgery,  especially
as  there  is  no  statistical  evidence  that  use  of  this  tech-
nique  decreases  the  incidence  of  recurrent  laryngeal  nerve
palsy.  There  is  therefore  no  reason,  at  the  present  time,
to  recommend  reference  to  this  procedure  in  the  informed
consent  form  required  by  law,  jurisprudence  and  medical
ethics,  and  corresponding  to  the  patient’s  legitimate  desire
to  be  informed  [26]. However,  intraoperative  information
concerning  the  functional  status  of  the  nerve  remains  par-
ticularly  relevant  in  the  context  of  bilateral  surgery.
Conclusion
The  results  of  this  study  show  that  the  use  of  recurrent
laryngeal  nerve  monitoring  during  thyroid  and  parathyroid
surgery  via  an  endotracheal  tube  equipped  with  electrodes
is  a  simple,  noninvasive  and  effective  method.  Stimulation
thresholds  are  similar  to  those  reported  with  the  use  of
intramuscular  electrodes.  In  line  with  data  of  the  litera-
ture,  the  present  study  does  not  formally  demonstrate  that
use  of  intraoperative  recurrent  laryngeal  nerve  monitoring
decreases  the  risk  of  recurrent  laryngeal  nerve  palsy  (less
than  0.5%  of  cases  of  permanent  nerve  palsy  in  this  study,
versus  0.5%  to  3.6%  according  to  published  studies).  How-
ever,  monitoring  facilitates  identiﬁcation  of  the  recurrent
laryngeal  nerve  and  provides  information  about  nerve  func-
tioning  during  and  at  the  end  of  the  operation,  thereby
allowing  adaptation  of  the  surgical  strategy  when  a  bilateral
procedure  is  indicated.  We  believe  that  the  contralateral
procedure  should  be  deferred  in  the  case  of  absence  of
response  or  loss  of  the  electrical  signal  on  the  side  operated
ﬁrst.
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